Objective: Although malnutrition (body mass index (BMI)<18.5kg/ m 2 ) has been associated with impaired health status in patients with chronic obstructive pulmonary disease (COPD), the effects of body composition (body fat and protein percentage) in patients with COPD have not been clearly demonstrated.
Introduction
Chronic obstructive pulmonary disease (COPD) is defined as a persistent airflow limitation that is not fully reversible with some extra-pulmonary effects such as cachexia and skeletal muscle wasting [1] . Nutritional abnormalities including weight loss and skeletal muscle dysfunction are reported in chronic diseases as a cause or result. Between 19-60% of patients with COPD are classified as malnourished [2] . Frequent exacerbations, increased resting energy expenditure (REE), inactivity, poor diet, inflammation and hypoxia are suggested as the causes for the deterioration in nutritional status, and it may result in impaired exercise intolerance and poor health status in patients with COPD [1] .
Malnutrition is frequently used to mean underweight. If malnutrition, defined by BMI, had been the only part of nutritional assessment in patients with COPD, all studies conducted on nutritional support would have successful outcomes in malnourished patients. Nevertheless, a recent metaanalysis of randomized trials found that nutritional support had no effect on anthropometric measures, lung function, or functional exercise capacity in patients with stable COPD [3] . Furthermore, two patients in the same weight may look completely different from each other because they have different body compositions. Body composition is used to describe body fat and protein percentages in human body, and can be measured by anthropometric measurements using caliper, which provides an indirect evaluation of nutritional status. Fat free mass, which represents skeletal muscle mass, has been reported to decrease in malnourished patients with COPD, and skeletal muscle weakness is associated with wasting of fat-free mass but not with airflow obstruction in patients with COPD [4] . Although several studies have examined the contribution of nutritional impairment in decreased lung functions and respiratory muscle strength in patients with COPD [2, 5, 6] , the effects of body composition on pulmonary functions have not been clearly demonstrated.
The aim of this study was to evaluate the effect of malnutrition and body composition in with COPD patients in stable condition, and to assess the relationship between the nutritional indices and pulmonary parameters.
Materials and Methods
A prospective study was conducted on patients with stable COPD in a tertiary hospital. The local ethics committee approved the research. Oral COPD patients in stable condition aged between 40 and 75 years were included for a two-year term. COPD was diagnosed according to the guideline and associated with the presence of a forced expiratory volume in one second (FEV 1 ) 80% below the reference value, a ratio of FEV 1 /forced vital capacity (FVC) less than 70%, and a history of smoking, passive smoking or exposure to biomass [1] . Severity of COPD was classified as moderate (50%≤FEV 1 <80% predicted), severe (30%≤FEV 1 <50% predicted), very severe (FEV 1 <30% predicted) [1] . The patients, who were required to be in clinically stable stage of COPD, are defined not to experience an exacerbation 2 months prior to the study [1] . Patients with concomitant diseases that may affect nutritional status (heart failure, liver cirrhosis, uncontrolled diabetes, chronic renal failure, uncontrolled thyroid disease, neoplasm, and uncontrolled chronic cor pulmonale) were excluded. The control group was consisted of healthy subjects, who are caregivers of patients, with no known disease, and have normal spirometric values. Subjects with a history of recent infection, surgery, trauma, and systemic diseases that could affect nutritional status were excluded.
All subjects underwent clinical and nutritional assessment, blood analysis and pulmonary function tests in approximately 5 days. Demographic characteristics, smoking status and COPD history were recorded. Smoking index was defined as the number of cigarettes smoked per day multiplied by the number of smoking years. The presence of emphysema was detected on computed tomography. Modified British Medical Research Council (MRC) questionnaire was used to measure disability due to breathlessness [7] . Severity of exacerbations was classified as mild (exacerbation treated with antibiotics but no systemic corticosteroid), moderate -severe (exacerbation treated with parenteral corticosteroids, and or hypoxemia but no carbon dioxide retention or acidosis) [8] .
Anthropometric parameters including body weight (kg), height (m), body mass index (BMI, kg/m 2 ), mid-upper arm length (AMC, cm), triceps skin fold thickness (TSF, mm) were measured. The international World Health Organization (WHO) classification of adult weight according to BMI was as follows; underweight (BMI<18.50), normal range (18.50-24.99), overweight (BMI≥25) [9] . The AMC was measured using a non-stretchable tape at the midpoint of non-dominant arm, between the olecranon and acromion. The TSF was measured using an adipometer skin fold caliper with graduated 0-10 mm at the width of a fold of skin taken over the triceps muscle at the same midpoint of the upper arm. Mid arm muscle circumference (MAMC, cm), mid arm muscle area (MAMA, cm 2 ), mid arm fat area (MAFA, cm 2 ) were calculated from the formulas as mentioned before [2] . The cut off points for normality of these values were calculated with the percentiles for the population of 18-65 years, according to WHO tables [10] . 'Muscle protein depletion' was defined if one of the MAMA, AMC or MAMC was below the 25 th percentile (≤P25). 'Fat store depletion' was defined if TSF or MAFA was less than the 25 th percentile.
Blood for arterial gas analysis (PaO 2 , PaCO 2 ) and for venous (protein stores) were obtained from all subjects. Values under the normal range were accepted as depletion of that analysis. 'Visceral protein depletion' was defined serum albumin or transferrin's being under the normal range. 'Protein depletion' was accepted if there was either muscle or visceral protein depletion.
FEV 1 and FVC were measured using the helium dilution technique (Vmax 229 pulmonary function, Sensor Medics, Bilthoven-Holland), and the FEV 1 /FVC ratio was calculated. The single-breath diffusing capacity test was used to determine the diffusing capacity of the lung for carbon monoxide (DLCO) and diffusing capacity divided by the alveolar volume (DLCO/VA) [11] . Respiratory muscle function was measured with maximal pressures, generated in the mouth after full inspiration (PI max ) and full expiration (PE max ) by electronic pressure gauge, according to the method of Black and Hyatt [12] .
Calculations were done using the SPSS-statistical computer software. Two group analyses were compared applying parametric (t-test) or nonparametric analyses (Mann-Whitney test), whereas three group comparisons were done applying parametric (one way ANOVA) or nonparametric analyses (Kruskal-Wallis) depending on the normality of the distribution of variables. Categorical variables (frequencies) were analysed using the χ 2 test, whereas small sample sizes were analysed using the Fisher's exact test. If the sample size of the categorical variable was smaller than 5, the statistical difference wasn't calculated. The results were considered significant where is p<0.05 (two sided).
Results
The sample comprised 180 patients with COPD and 50 healthy controls aged between 40 and 90 years, and 84.3% of them were male. Almost all the study subjects were smokers (91.6%) (Min-max: 3-79 packet/years), and the average BMI of the study group was 23.3±3.9 kg/m 2 . Both groups had similar average ages, gender ratios, average smoking index, and BMIs. Pulmonary function parameters and PaO 2 were significantly lower in the COPD group than the control.
The frequency of patients, who are underweight, was higher in the COPD group, and frequency of normal-weight patients was higher in the control group. The frequency of patients with underweight increased as the severity of COPD worsens (Table 1) . Fat store depletion was observed only in patients with COPD with a ratio of 10.6%, and no difference between the COPD subgroups. MAFA was the most affected fat related parameter, whereas TSF showed least fat deple- tion. The frequency of overall muscle protein depletion and depletion in muscle protein indicators of MAMA, AMC, and MAMC were significantly higher in the COPD group than in the control. Muscle protein indicators were close to each other among the COPD severity groups. A total of 43 patients with COPD had low plasma concentrations of at least one of the visceral proteins -albumin or transferrin. There were no healthy subjects with visceral protein depletion. The stratification of body composition by using protein and fat stores besides BMI groups was a significant difference between COPD and control groups (Figure 1 ). There was either a protein or a fat depletion in almost all underweight patients with COPD-except 2 patients-, and controls, whereas mixed type -fat and protein-of depletion was absent in healthy subjects. Somewhat, there was also protein or fat depletion in normal and overweight subjects which was only 10% in the control group and in more than half of patients with COPD.
Patients with COPD were stratified according to the body composition ( Table 2 ). Thin patients with no depletion were excluded in order to be able to make statistics, since they were only two. Deterioration in pulmonary function tests was more evident in underweight patients with protein and fat depletion compared to normal/overweight patients with and without depletion, which was statistically significant in only FEV 1 (L), and FEV 1 /FVC (p=0.004, and p=0.005). PI max and PE max were lower in underweight patients with depletion than in normal-overweight patients with no depletion and with the depletion (p=0.02, and p=0.01).
DLCO and DLCO/VA were significantly lower in not only underweight patients than in normal/overweight patients (p=0.003, and p=0.004), but also in normal/overweight patients with depletion than in normal-overweight patients with no depletion (p=0.01, and p=0.07, not shown in the table). There was no significant difference for PaO 2 and PaCO 2 among the patients. There was no significant difference between groups in means of COPD characteristics. Normaloverweight patients and protein depletion had the most frequent number of exacerbations, whereas underweight patients had the most frequent ratio of severe exacerbations.
Discussion
The current results showed that in a group of Turkish COPD population, ratio of malnutrition was 11.7%. The weight loss value in stable COPD outpatients was smaller. National -20%-, and international reports as 19.1%, 29%, and 35% [2, 5, 6, 13] . A comparison of findings in previous studies with our findings was difficult because the criterion for malnutrition was different in each study. We used the definition of the WHO expert consultation, where BMI is lower than 18.5 kg/m 2 that indicates underweight. However, the experts also agreed the needs for developing different BMI cut off points for different ethnic groups [9] . In this study, frequency of malnutrition was higher in the patients with COPD than in healthy ones. This result isn't surprising anymore [14] , and malnutrition has been accepted as one of the comorbidity of COPD in the recent years. Because, illness is a stress in the body, which ensues a catabolic phase, COPD is a chronic disease with a chronic catabolism and acute attacks by an ongoing infection or respiratory failure that all may result with malnutrition [15, 16] . Therefore, overall frequency of malnutrition increases as the disease severity increases, as in this study.
We used anthropometric measurements to assess protein and fat stores, corrected with the reference values, and opted to use the ratios of percentiles lower than 25% in an 
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attempt to show the early stage of malnutrition. In this study, there was a protein or fat depletion in almost all underweight patients with COPD and controls, whereas mixed type -fat and protein-of depletion was absent in healthy ones. Furthermore, the muscle store (60.6%) has been the compartment most frequently affected following visceral protein (23.9%) and fat store depletion (10.6%) in patients with COPD. This issue was mentioned also in other studies as malnutrition led muscle wasting rather than deficiencies in the other body stores, and body fat was reported to be affected, though to a lesser extent than muscle store in patients with COPD [2, 5, 6] . Following a stress, for the caloric requirement carbohydrate from liver and muscle glycogen are the first consumed stores in the body. If the stress is prolonged, metabolism of skeletal protein supplies substrate for energy production, following fat metabolization [15] . Similarly, the depletion ratios in this study confirmed the order of store consumptions in the body, and the presence of fat store depletion suggested a prolonged catabolic phase in COPD. In this study, body decomposition was also seen in normal-weight or overweight patients with COPD, and even in some healthy subjects. A similar result was found previously, and they explained depletion in normal-weight by the extension of normal weight limits from 20 to 18.5 kg/m 2 . On the other hand, these results suggest that distribution disorders in the body composition occur before being underweight.
In this study, patients with COPD had significant depletions in visceral protein stores. These results are not surpris- ing, since during the catabolic stage of chronic illness, serum concentrations of catecholamine, glucocorticoid, and glucagon are increased and insulin is decreased, all of which favor protein wasting, and lipolysis [15, 17] . Body weight loss has been reported to be associated with impairment of pulmonary functions [18] , reduction of respiratory muscle strength [19] , and diffusing capacity of the lung [20] . Our results were consistent with these previous reports, moreover body composition as evaluated by protein and/or fat depletion was found to be different in means of respiratory muscle strength and lung diffusing capacity, but not with pulmonary functions. PI max and PE max were reduced in patients with protein-depleted composition. It has been known that fat free mass is reduced in malnourished patients leading to lower muscle strength and that muscle wasting can affect pulmonary functions [21] . The relative protection in pulmonary functions in protein-depleted patients might be explained by the order of the impairment in fat free mass and lung functions. In conclusion, underweight had negative effects on pulmonary function tests, expiratory muscle strength, and the ratio of DLCO/VA, whereas body decomposition with depletion in protein and/or fat stores reduced the inspiratory/expiratory muscle strength, and the DLCO. Both underweight and body decomposition decreased the PaO 2 , and increased the PaCO 2 . This result implicates that the respiratory muscle strength can also be reduced in patients without malnutrition but with disturbed body composition, and the impairment first develops on the respiratory muscle strength following pulmonary function tests. Therefore, it is essential to evaluate body composition as well as body weight in patients with COPD.
In the present study, DLCO and DLCO/VA were reduced in normal/overweight patients with depletion as well as in underweight patients. A series of articles have demonstrated that malnutrition causes reduction in DLCO and DCLO/VA, by causing gas-change unit enlargement and alveolar loss, which is defined as 'nutritional emphysema' [22] . 'Nutritional emphysema' in addition to classic emphysema in patients with COPD may be the reason for the higher reduction in pulmonary function tests of underweight patients. There were no significant differences for PaO 2 and PaCO 2 among the patients. The recruitment of patients with different distribution of emphysema, and COPD severity could have been a confounding factor in the interpretation of these results. There was no significant difference between groups in means of COPD characteristics. Normal/overweight patients with protein depletion had the frequent number of exacerbations, whereas underweight patients had the most frequent ratio of severe exacerbations.
Presence of emphysema and the MRC dyspnoea score didn't change with body composition. The higher frequency of exacerbation rate in normal/overweight patients might be due to protein depletion, whereas malnutrition might be the reason of severe exacerbations which might be due to impaired immunologic defence and decreased respiratory muscle strength which altered ventilatory drive [23] .
Even though anthropometric parameters are simple, cheap, and quick measures, they have some limitations [2] . Firstly, anthropometric measures are less sensitive than other measures such as bioelectric impedance and dual energy x-ray absorption. They overestimate the lean body mass when compared to bioelectric impedance [24] , and secondly reproducibility of the anthropometric values from one observer to another is lower.
In conclusion, stable patients with COPD show frequent alterations in body composition besides malnutrition. Malnutrition and body decomposition were both related to impairment in respiratory muscle strength, and diffusing capacity of the lung. These results indicate that body composition should be a part of nutritional assessment besides BMI.
